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(54) Preparation of sterol and stanol esters 

(57) The present invention provides a method for 
the direct esterif ication of stanols and sterols with fatty 
acids to form stanol/sterol- esters. The method provides 
a synthetic route that is amenable to large scale produc- 
tion of the esters in high yields. A preferred embodiment 
employs a food grade process free of organic solvents 
or mineral acids. 
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Description 

Field of the Invention 

5 [OO01] This invention relates to the preparation of discrete sterol and stanol esters through a highly efficient acid cat- 
alysed route. 

Background of the Invention 

10 [0002] It has been shown that the addition of plant sterols, such as p-sitosterol, to diets will reduce serum cholesterol 
levels. The sterols reduce serum cholesterol through the disruption of intestinal absorption of dietary cholesterol by dis- 
placing it from bile acid micelli. More recently, p-sitosterol's saturated derivative, p-sitostanol, has been shown to be 
more effective in the reduction of intestinal cholesterol absorption. The sitostanol itself is virtually unabsorted, so it 
does not contribute at all to in vivo serum sterol concentration upon consumption. Unfortunately typical sterols and 

15 stanols are insoluble in the micelli phase of the alimentary canal and have only limited solubility In oils and/or fats or 
water. Hence, free sterols or stanols themselves are not optimum candidates for use in typical pharmaceutical or dietary 
dosage forms as cholesterol reducing agents. 

[0003] US Patent Number 5,502,045 discloses the interesterification of stanols with a fatty acid ester from an edible 
oil to produce a waxy sterol-ester mixture with improved fat solubility characteristics. Specifically, this patent discloses 

20 the reaction of sitostanol interesterified to an edible oil such as rapeseed oil specifically via a base catalysed transes- 
terif ication reaction. This is a process that is widely used in the food industry. From a pharmaceutical standpoint, how- 
ever, interesterrficaflon processes such as this have some distinct disadvantages. Primarily, the composition profile of 
the steroi-ester products are difficuft to control since the profile is dependent on the array of fatty acids present in the 
edible oil employed in the reaction. 

25 [0004] In a different approach. German Patent 2.035,069 discloses the esterif ication of sterol-esters to fat acids via a 
non-food grade process. In particular, thionyl chloride is employed as a reactant which when reacted forms HCI gases 
as a by-product. Such techniques are not suitable for the production of food grade materials, and they are undesirable 
in general for large scale reactions. 

[0005] From a pharmaceutical standpoint, there is an unmet need for a method for the synthesis of discrete sta- 
30 nol/sterol-esters via a bulk food grade process. Discrete compounds are more desirable than mixtures for three main 
reasons: 1) the composition and performance specrfications can be controlled better; 2) structure/activity studies are 
more feasible; and 3) the physicochemical and chemical properties can be controlled. These advantages of discrete 
stanol/sterol-esters will be elaborated on later. 

35 Summarv of t he Invention 

[0006] The present Invention comprises a method for the direct esterrfication of stanols or sterols with fatty acids to 
form discrete stanol/sterol-esters. The method provides a synthetic route that is amenable to large scale production of 
the stanol-esters In high yield and purity by a food grade process that in a preferred embodiment is free of organic sol- 
40 vents or mineral acids. The method ultimately provides a convenient process that enables one to rationally design dis- 
crete stanol/sterol-esters with various physical and biological properties. 

Detailed Description of the Invention 

45 [0007] The present invention provides the direct esterrficafton of stanols and sterols through the reaction of the sta- 
nol/sterol and a fat acid using a food grade acid catalyst, p-sitostanol, the most preferred starting material, is commer- 
cially produced from p-sitosterol by a hydrogenation reaction and is commercially available from various sources, 
including Henkel Corporation. 

[0008] The fatty acids reacted in the present invention are of the formulae CH3-{CH2)n-C02H wherein n is an integer 
50 of from 4 to 22. The term fatty acid is well known and understood to those with skill in the art, see for example. Hawley's 
Condensed Chemical Dictionary. Eleventh edition. The term includes acids themselves and salts of these acids. The 
fatty acids include saturated acids, such as stearic, butyric, lauric. palmitic and the like. Unsaturated fatty acids, includ- 
ing polyunsaturated fatty acids can also be used in the present invention. Suitable acids include oleic, linoteic, linolenic, 
docosohexanoic acid, conjugated linoleic acid and the like. As disclosed in US Patent 5,554,646, column 1 , lines 44-48, 
55 conjugated linoleic acid is 9.11-octadecadienoic acid, 10,12-octadecadienoic acid, and mixtures thereof. The present 
invention includes both straight and branched acids, with straight chain acids being preferred. 
[0009] In the present invention the sterol and stanol-esters have the general formula depicted as Figure 1 : 
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Figure 1 



75 wherein is understood to include aliphatic straight or branched carbon chains ranging from C6-C23, preferably from 
Cg-Cao and most preferably Ci2"Ci8 groups, and R2 is understood to include aliphatic straight or branched carbon 
chains ranging from C3-C15, preferably C8-C^2. ^nd most preferably, C9 groups. More preferably, is selected from 
the group (C1-C12) alkyi, {CyO^ alkoxy, (Ca-Cg) alkenyl, (Ca-Cg) alkynyl. (Cg-Cg) cycloalkyl. halo (Cs-Cb) alkenyl, halo 
(C2-C8) alkynyl) where halo is understood to include chloro. fiuoro, bromo. todo and the like. AlkyI Includes both straight 

20 and branched chain groups of carbon atoms. Typical alkyi groups include methyl, ethyl, n-propyl, isopropyl, n-butyl, sec- 
butyl, isobutyl. t-butyl, n-pentyl, neopentyl, isopentyl, hexyl. heptyl and the like. ThealkyI groups maybe halogenated 
with one. two, three or more halogen atoms. 

[0010] The terms alkenyl and alkynyl include branched and straight chain hydrocarbons having at least one unsatu- 
rated bond. 

25 [0011] Unsaturation at C5 provides the corresponding sterol-ester. Any stanol or sterol that is functionalized with a 
hydroxy group is suitable for esteriflcation by the process described herein. Provided below is a generic formula of the 
stanol/sterols that can be esterified in the present invention. 




Figure n 

40 



R2 is understood to have the same meaning as set forth above. 

[0012] Stands that are capable of being esterified in the present invention include, but are not limited to p-sitostanol, 
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Figure in 



and cholestanol. For example, this process is also amenable to sterols such as ^-sitosterol (unsaturated at G5. as 

20 shown in Figure I above). 

[0013] The molar ratios of the starting materials for the esterification reaction, notably the stanol/sterol and the fatty 
acid, are provided in stoichiometric levels. In a highly preferred embodiment, the fatty acid Is present in a 5-10% excess 
so as to react all of the stanol. Any excess unreacted fatty acid is easily removed in the product workup. The acid cat- 
alyst is typically sufficient if provided at a 1 mole percent as compared to the reactants. The level of catalyst can be 

25 increased or decreased to provide the reaction rate desired. However, if too much catalyst is provided a higher than 
desired level of side reaction products may result. Suitable acid catalysts include toluene sulfonic acid, metiiane sulfonic 
acid, sodium hydrogen phosphate, sodium bisulfate and the like. Any acidic proton source can function as the catalyst, 
although strong mineral acids we not preferred since their use may lead to some decomposrtion of unsaturated fatty 
acids during the estecif Ication process. Sodium bisulfate is the preferred catalyst. The catalyst can be in the form of a 

30 solid, liquid or gas. Aqueous soluble catalysts are highly preferred since they can easily be removed from the product 
with water. 

[0014] One of the most effective aspects of the present invention is that tine reaction is performed neat, wherein no 

solvents are added to the reaction mixture, because the molten fatty add acts as both a reactant and solvent. 

[001 5] It is particularly appropriate to run the neat reactions under vacuum in order to remove water from the reaction 

35 mixture thereby driving the reaction to completion and increasing the yield of tiie desired ester. 

[0016] The reaction temperature is conducted at temperatures from about 75 to about 200°C. The preferred range is 
from about 1 00 to about 1 TS^'C and most preferably from about 1 40 to 1 SO^C. The reaction period may vary widely, but 
for best results and economy the reactions should be allowed to run to completion. Reaction times of greater than 12 
hours are common but not necessarily required. One advantage of the present invention is the high yield of the ester 

40 product provided by the process. The present process provides yields of greater than 90% and preferably greater than 
95%. 

[001 7] The reaction of the present invention is sufficiently mild to prepare esters that were not capable of being syn- 
thesized using methods previously disclosed in the art. In particular, the present Invention provides a method for pre- 
paring esters which are tiie reaction product of DHA (cis-4,7.10,13,16,19-docosahexeanoic acid) and CLA 
45 (octadecadienoic add) and tiie sterol/stanol set forth above. These products are of particular interest in tiiat both DMA 
and CLA have been reported to possess cholesterol-lowering characteristics. Therefore, a compound which contains 
the combination of both the stanol or sterol with a pendent ester functionality which when hydrolysed provides another 
cholesterol-limiting agent would be highly beneficial. The combination of these functions would be beneficial in tiiat it is 
reported that the DHA and CLA lower cholesterol in the body by different mechanisms than do sterol and stanol prod- 

50 UCtS. 

[0018] The ester products of CLA and the sterol/stanol are provided below 



55 
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(CH2)7-CH==:CH-CH=:CH-(CH2)5-CH3 



sterol/stanol octadecadtenoate; the 9.11-octadecadienoic form is depicted above, and the 10.12 isomer is also com- 
mon. 

[0019] More preferably, 




O*^^^ (CH2)7- CH= CH- CH= CH- (012)5- CH3 



p-sitosterol octadecandienoate. 

[0020] Similarly, the ester product of DHA and sterol/stanol are provided below: 




6^^^^ {CHih- (CH2CH= CH)6- CH3 



Sterol/stanol docosahexaenoate, and more preferably 
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p-sitosterol docosahexaenoate; and 
p-sitostanol docosahexaenoate 

[0021] The present invention also provides a method for reducing serum cholesterol by using an effective amount of 
CLA and DHA esters to reduce serum cholesterol. Typically, the level is from about 1 to about 20 g/day, preferably from 
about 3 to about 1 5. and most preferably from about 6 to about 9 per day 

[0022] Two isolation techniques as described below can be used to isolate the ester reaction product. 
[0023] Method A . An aqueous/organic solvent extraction isolation may be employed to recover the stanol-ester. Typ- 
ical organic solvents include dichloromethane, chloroform or toluene. Atypical aqueous/organic workup was employed 
where the ester was extracted into an organic solvent and subsequently isolated after evaporation. For example, the 
reaction mixture is cooled to room temperature followed by addition of CH2CI2. The solution was then washed several 
times with aqueous NaHCOa- The fatty acid salts are partitioned into the aqueous phase and can easily be removed. 
The remaining organic phase containing the isolated ester is then dried over anhydrous NaS04 and decolorized with 
activated charcoal. When light, non-chlorinated organic solvents (i.e., hexane) are used for extraction, the formation of 
an inseparable emulsion is observed. Pure esters were recovered as white solids or oils after removal of the solvent on 
a rotary evaporator and subsequent cooling. 

[0024] Method B : In a more preferred isolation technique, the ester reaction product is isolated using only water. The 
crude reaction mixture was diluted with 1% aqueous NaHC03 and the resulting suspension was stirred rapidly for 1 
hour The pure ester {> 95% recovered yield) was filtered and vacuum dried overnight. A colorimetric test for sulfate 
anion was performed on a small sample of the ester, which showed that no catalyst remained among the product. 
[0025] Although both methods produced esters identical in purity, the recovered yields (>96%) were better with 
Method B. This method is also more amenable to large scale synthesis because it gives high purity product without the 
use of hazardous non-food grade solvents. 

[0026] The present invention provides several advantages over previous disclosed processes. The present invention 
provides a method to synthesize substantially discrete stanol-esters rather than mixtures of stanol-esters. As used 
herein, substantially discrete is understood to mean that the reaction product, the desired ester, is provided in a very 
high proportion of the reaction product. Typically the desired ester is provided in the reaction product in at least 90 per- 
cent by weight, more preferably in an amount at least about 98 percent and if the reaction is allowed to run to completion 
to at least 99 percent by weight. The present invention is capable of providing essentially a single stanol (sterol]-ester, 
with less than 0.2 weight percent of other ester products. The previously disclosed interesterification processes provide 
a mixture of the stanol-ester products. For example, the previously disclosed processes provide mixtures of stanol- 
esters, often with broad ranges of the stanol-esters present (for example, a mixture of 4 esters in ratios of 30, 30. 20, 
20 percent by weight). Also in comparison, the previously disclosed direct esterification processes use hazardous, del- 
eterious reagents. 

[0027] This production of discrete stanol/sterol -esters has several important advantages over the stanol/sterol-ester 
mixtures produced by other processes. Firstly, tighter performance specifications (i.e., melting point, specific gravity, 
structural species purity) are possible for discrete compounds. This is because the properties of discrete compounds 
can be controlled with more precision than for mixtures. Hence, proper performance characteristics and quality of dis- 
crete esters are more easily assured as compared to a mixture of ester products. 

[0028] Furthermore, because the present invention provides the synthesis of discrete stanol/sterol-esters, struc- 
ture/activity relationships over a range of fatty acid chain lengths can be ascertained. The determination of struc- 
ture/activity relationships, which are fundamental to rational drug development, are only feasible when screening 
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discrete compounds. 

[0029] Finally, the gross physical and physiologic properties of the sterol/stanol -ester can be controlled since those 
properties are dependent upon which fatty acid is employed. For example, estertfication to unsaturated fatty acids (i.e., 
oleic acid) can lead to low melting solids or even liquid products, whereas saturated fatty acid analogs (i.e., stearic acid) 
tend to lead to higher melting free flowing solids. This ability to so extensively manipulate the physical properties of a 
high melting sterol is quite unexpected. 

[0030] The present invention allows the selection of the ester to match the physical properties which are desired, The 
solid free flowing material is desirable for the manufacture of compressed tablets, or the incorporation of the stanol- 
ester into baking products. These oil-like stanol/sterol-esters are advantageously employed in the manufacture of soft 
gel dosage forms or incorporated into a salad dressing or yogurt. 

[0031] The following examples are provided to further illustrate the claimed invention, but not limit the invention to the 
examples provided below. 

EXAMPLES 

[0032] The stanol-fatty acid-esters of the invention were prepared by the acid catalysed esterrf ication reaction method 
as follows: stanol (10 mmol), fatty acid (12 mmol) and sodium bisulfate (0.12 mmol) were stirred neat under vacuum for 
16 hours, at ISO'^C. The resulting stanol-ester products were isolated using either the technique described above as 
Method A (employing both water and an organic solvent) or Method B (an aqueous separation process). When glass- 
like products were formed in method A. they were converted into free flowing solids upon cooling below 0°C. Gas chro- 
matography analysis of crude reaction product indicated that the reactions proceed to greater than 95% completion. 
Final workup was performed according to methods A or B as described above. 

[0033] Analytical data for five representative stanol-esters are described below. Analytical data for an ester of 
cholestanol, as an additional model, is also included. 

Example 1 

[0034] p-Sitostano! Stearate was produced by the reaction of p-sitostanol and stearic acid. NaHS04 was used as the 
catalyst and the stigmastanot stearate was isolated using Method A described above. 
[0035] The analytical results for the isolated stigmastanol stearate was as follows: 

^HNMR (CDCI3): (4.60 (quintet, 1H). 2.19 (t, 8. 2H), 1.88 (d, 12. IH); IR (cm*\ KBr): 1739 (s, C=0), 1454(m). 1388 
(m), 1 182 (s. C-0). 725 (m); Elemental Analysis for C47H86O2: calculated: C 82.55%. H 12.59%, found: C 82.70% 
H 12.50%; Melting Point (DSC): 103-105'*C. 

Example 2 

[0036] p-Sitostanof Stearate was produced by the reaction of p-sitostanol and stearic acid. NaHS04 was the catalyst 
used and the stigmastanol stearate was isolated using Method B as described above. 
[0037] The analytical results of the isolated compound is presented below: 

^HNMR (CDCI3): (4.62. quintet, IH). 2.18 (t. 8. 2H). 1.88 (d, 12, IH); IR (cm\ KBr): 1739 (s. C=0). 1467 (m). 1381 
(m). 1176 (s, C-0). 718(m); Elemental Analysis for C47H86O2: calculated: C 82.55%, H 12.59%. found: C 82.31%, 
H 12.63%; MP (DSC): 101 -104°C; %H20 (Karl Fischer) 0.73% 

Example 3 

[0038] pSItostanol Palmitate was produced by the reaction of p-sitostanol and palmitic acid. NaHS04 was employed 
as a catalyst and the stigmastanol palmitate was isolated using the procedure described above as Method A. 
[0039] The analytical results of the isolated stigmastanol palmitate is presented below: 

^HNMR(CDCl3): (4.68 (quintet, 1H),2.24 (t, 8, 2H). 1.95 (d, 12, IH); IR(cm-'', KBr): 1739 (s, C=0). 1460 (m). 1394 
(m). 1176 (s. C-0), 725 (m); Elemental Analysis for C45H82O2, calculated: C 82.57%, H 12.54%, found, C 82.59% 
H 12.53%; Melting Point (DSC): 102-104X. 

Example 4 



[0040] p'Sitostanol Oleate was produced by the reaction of p-sitostanol and oleic acid. NaHS04 was employed as a 
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catalyst and the stigmastanol oleate was isolated using the technique described as Method B. 
[0041] The analytical results are presented below: 

^HNMR(CDCl3): (5.27(m. 2H). 4.62 (quintet. 1H). 2.23 (t. 8. 2H); IR {cm-\ neat): 1739 (s, C=0). 1461 (m), 1387 
(m). 1176 (s, C-0), 1010 (m), 718 (m); Elennental Analysis for C47H84O2: calculated: C 82.80%. H 12.33%. found: 
C 82.98%, H 12.36%; Melting Point (DSC): 41-44°C. 

Example 5 

[0042] Cholestanol Oleate was produced by the reaction of cholestanol and oleic acid. NaHS04 was used as a cata- 
lyst and the cholestanol oleate was isolated using the technique described as Method A. 
[0043] The analytical results are presented below: 

^HNMR (CDCI3): (5.30 (m. 2H). 4.65 (quintet, 1H). 2.22 (t, 8, 2H): IR (cm-\ neat). 1725 (s. C=0). 1454 (s). 1367 
(m). 1168 (m, C-0), 1003 (m), 711(m), Elemental Analysis for C45H80O2: calculated: C 82.67%, H 12.25%, found: 
C 82.64%. H 12.34%; Melting Point (DSC): 20-25°C. 

Comparative Example 

[0044] The reaction of canola oil and stand by an interesterification route provides a product mixture having tiie fol- 
lowing approximate, non-reproducible disti-ibution by weight: 

Stanol-oleate 67% 
Stanol-linoleate 19% 
Stanol-linolenate 9% 
Stanol-palmitate 3%. 

Example 6 

[0045] p-Sitostanol docosahexeanoate is produced by the reaction of p-sitostanol and DHA. NaHS04 was ennployed 
as a catalyst and the stigmastanol docosahexeanoate is isolated using tiie technique described as Method A. 

Example 7 

[0046] fi-Sitostano! docosahexeanoate is produced by the reaction of p-sitostanol and DHA. NaHS04 was employed 
as a catalyst and the stigmastanol docosahexeanoate is isolated using tiie technique described as Method B. 

Example 9 

[0047] p-Sitostanol octadecadienoate is produced by the reaction of p-sitostanol and CLA. NaHS04 was employed 
as a catalyst and the stigmastanol octadecadienoate is isolated using the technique described as Method A. 

Example 9 

[0048] p-Sitostanol docosahexeanoate is produced by the reaction of p-sitostanol and DHA. NaHS04 was employed 
as a catalyst and the stigmastanol docosahexeanoate is isolated using tiie technique described as Method B. 

Claims 

1 . A method for producing stanol/sterol esters comprising reacting a stanol/sterol of the formula 
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with an acid in the presence of a mild acidic catalyst, resulting in the production of the substantially disaete corre- 
sponding stanol/sterol ester of the formula 




wherein is a carbon chain having from 6 to 23 carbon atoms and R2 is a carbon chain having from 3 to 1 5 carbon 
atoms. 

2. The method of claim 1 . wherein R-i has from 12 to 21 carbon atoms. 

3. The method of claim 1 or claim 2, wherein is a polyunsaturated carbon chain. 

4. The method of any one of claims 1 to 3. wherein R2 is -CH(CH3)-CH2-CH2-CH(nC6Hi3)-CH(CH3)-CH3. 

5. The method of any one of claims 1 to 4, wherein the mild acidic catalyst is NaHS04. 

6. The method of any one of claims 1 to 5, wherein the reaction temperature is from 100 to 200°C. 

7. The method of any one of claims 1 to 6, wherein the reaction is conducted neat with the molten fatty acid acting as 
the solvent. 

8. The method of any one of claims 1 to 7, wherein the reaction is run under vacuum. 

9. The method of any one of claims 1 to 8, wherein the con-esponding stanol/sterol ester is provided in an amount not 
less then about 98% by weight. 

10. The method of any one of claims 1 to 9, wherein the isolation of the corresponding stanol/sterol ester is performed 
in a completely aqueous process. 

1 1 . A compound of the general formula 
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wherein 
Ri is 

•{CH2)7-CH=CH-CH=CH-CH2-CH2-CH=CH-CH2-CH3 or -CH-CH2-CH2-(CH2CH=CH)6-CH3 
and 

R2 is a carbon chain having from 3 to 15 carbon atoms. 

12. The compound of claim 1 1 , wherein R2 has from 6 to 12 carbon atoms. 

13. The compound of claim 1 1 or ctaim 12, for use in reducing serum cholesterol in a human being. 
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